ABSTRACT. The social-ecological system framework (SESF) can be useful for applied research and management practice beyond its traditional academic applications. In this article we transform the SESF into an image-based practical tool to facilitate knowledge exchange and deliberation processes within community-based natural resource comanagement settings. We develop a transdisciplinary methodology to transform the SESF into simple and context relevant images that are understandable by nonspecialists, yet the imagebased framework still conveys its core tenets of systems thinking, a checklist for system complexity and conceptualizing social-ecological interactions. We then demonstrate a mixed-method approach for testing the usefulness of the image-based framework for enhancing communication, knowledge exchange, and deliberation processes. We show how the academic uses of the SESF, its core tenets, can serve the same purpose for nonacademic actors. When transformed, the image-based SESF has potential to be a tool that can enhance communication and knowledge exchange between actors in governance settings. We demonstrate our methodology with small-scale fishers involved with comanagement in the Gulf of Nicoya, Costa Rica. In the example, we show how scientists must learn from fishers, to understand how they view their system, in order to make the image-based tool useful in context. We then test its usefulness by exploring the hypothesis that the image-based framework can help fishers discuss with more depth and complexity because it provides a simple conceptual base for systems thinking and a core set of variables to consider as interacting. Furthermore, we explore how using the framework during deliberation may be able to alter the social-psychological outcomes of participants using field experimental methods. We discuss our combined methodology, for transforming the framework and measuring deliberation impacts, while reflecting on new ways of thinking about how the SESF can be useful for applied research and practice.
INTRODUCTION
Finding more effective ways to communicate and exchange knowledge between science, policy, and practice is of significant interest for global environmental governance (Dietz et al. 2003 , Cornell et al. 2013 , McAllister and Taylor 2015 . Rapid socialecological change requires urgent and well informed solutions (Steffen et al. 2015 , Bodin 2017 . However, difficulties with communication and exchanging different types of knowledge between diverse actors can hinder constructive decision making (Dietz 2013, Medin and Bang 2014) . Solutions are not simple, and barriers are manifold. It is not always clear at which level, phase, or through which mechanisms different types of knowledge can best inform governance in meaningful and mutually accepted ways (Newig and Fritsch 2009 , Tengö et al. 2014 . Similarly, it is not always clear when or how different actors can or should participate and bring their knowledge into governance processes (Reed 2008, Schneider and Buser 2018) . The political nature of decision making, power asymmetries, or hierarchical actor relationships can create substantial barriers (Brechin et al. 2002 , Underdal 2010 .
As trends in environmental governance now shift toward more collaborative approaches (Roberts 2004 , U.S. NRC 2008 , Kenter et al. 2014 , Bodin 2017 ) such as community-based comanagement, the focus of this study, the development of processes for communication and knowledge exchange are increasingly common (Berkes 2009 ). There are many definitions and variations of community-based comanagement, and more broadly collaborative governance, but all involve two core principles: (1) the participation of different actors (either within and/ or between groups) and (2) deliberation. Participation Ecology and Society 24(1): 15 https://www.ecologyandsociety.org/vol24/iss1/art15/ 2012, Epstein et al. 2015) . Actors may face difficulties conveying their preferences, experiences, and knowledge about a system in a way that is understandable and useful to other actors, even to those within their group, e.g., fishers to fishers. For example, from a scientific perspective it is understood that environmental governance involves dealing with a complex system that has many social and ecological variables that interact to shape outcomes. However, scientists may face difficulties communicating with nonspecialists, and even other scientists, because of the esoteric nature of scientific terminology and concepts (Wong-Parodi and Strauss 2014) . Similarly, actors may have knowledge or preferences on many aspects related to a system or governance, but hitting all the points and guiding deliberation in a way that accounts for all important aspects can be difficult (Castella et al. 2007) . Facilitation is often needed to guide fruitful deliberation. Structured agendas or tools such as checklists, visual aids, and frameworks may be useful to help overcome barriers (Lynam et al. 2007, Rodríguez Estrada and Davis 2015) .
Scientific frameworks serve numerous purposes for communication and knowledge exchange in academia, but they can also be useful for the same reasons in community-based comanagement settings, as we examine below. Frameworks often distill complex concepts or theories into core components or variables, typically in simple ways using key terminology and visual aids (Binder et al. 2013) . In this article we specifically refer to and use Ostrom's social-ecological systems framework (SESF; Ostrom 2009, McGinnis and Ostrom 2014) . The SESF conveys the complex concept of social-ecological systems (SES) in a simple way by illustrating how the core components of the system interact using a visual diagram (Fig. 1) . The first-tier variables, or core components, include the Resource systems (RS), Resource units (RU), Governance systems (GS), and Actors (A). The SESF acts as a common language between academics. It also acts as a checklist to guide the analysis of complex systems, to help ensure that no important aspects are overlooked.
Fig. 1. The first-tier variables of the social-ecological systems (SES) framework (McGinnis and Ostrom, 2014).
A scientific framework, like Ostrom's SESF, can serve similar functions as a knowledge exchange and deliberation tool in community-based comanagement settings. It can help convey systems thinking in a simple way and act as a checklist to ensure that all the core components of a complex system have the potential to be discussed and considered during deliberation and decision-making processes. From a scientific perspective, it is known that environmental governance deals with complex socialecological system interactions (Liu et al. 2007 , Ostrom 2007 , Bodin 2017 . Having a tool that can communicate the basic tenets of systems thinking and prompt actors to bring in their own knowledge, beliefs, or preferences about the core components of a system may be useful for facilitating more in-depth and constructive dialogue.
However, there are still challenges for making a scientific framework, in this case the SESF, useful in practice. The SESF is not linked to a particular context and it uses noncontext specific and specialist terminology. Both aspects may hinder the ability of actors to associate the core concepts and components to a practical governance context. Complexity and the level of detail in a deliberative tool can also be a barrier to communication because scientists may tend to err on the side of precision and complexity (Knight et al. 2006 , Sandker et al. 2010 . To make the SESF a useful tool in practice, all aspects of the framework need to be understood by actors, i.e., nonspecialists, in a meaningful way. Developing methods to transform the framework for use by nonspecialists can potentially make the framework a more useful practical tool. Facilitation tools may be able to remove existing barriers for communication and knowledge exchange during deliberation. For science, developing facilitation tools can be viewed as a methodological challenge (Lynam et al. 2007 ). It has been suggested that enhanced deliberation processes may improve the achievement of community-based comanagement goals through better linking scientific analysis and the participation of other actors (Dietz 2013 ).
The purpose of this article is to rethink how the SESF can be useful as a practical tool for enhancing communication, knowledge exchange, and deliberation processes in communitybased natural resource comanagement. To do this, we have developed a methodology for transforming Ostrom's SESF (Ostrom 2009, McGinnis and Ostrom 2014) into images related to a specific governance context. We demonstrate this methodology by transforming the framework for use by smallscale fishers participating in fisheries comanagement in the Gulf of Nicoya, Costa Rica. We then demonstrate how to measure the usefulness of the transformed framework. We test its ability to facilitate dialogue with more depth and complexity (see methods section) as well as its impact on social-psychological metrics of actors using before-after control-impact (BACI) field experimental methods. Ultimately this article proposes a new way of using the SESF for applied research and practice, and demonstrates a methodology for testing if it may work. We explore numerous assumptions and hypotheses, which are shown in Table  1 .
Measuring experimental outcomes
The effectiveness of a policy or the outcome of a treatment intervention can be measured in many ways; the specific metric frequently depends on the context, and expected and/ or desired outcome. However, equally important to all of them is the experimental (or quasi-experimental) control (Hurlbert 1984 , Meyer 1995 . Studies that compare subjects before and after a treatment risk the spurious influence of some unrecorded factor Ecology and Society 24(1): 15 https://www.ecologyandsociety.org/vol24/iss1/art15/ Table 1 . Assumptions, hypotheses, and methods used in this study.
Assumptions (A) and Hypothesis (H) Methodology
A1: The social-ecological system framework (SESF) can be transformed into simple and context relevant images, making it easier for nonacademics to understand and engage with.
See Table 2. H1: The image-based SESF can structure deliberative dialogue, i.e., helping to ensure that all important aspects of a system have the opportunity to be discussed if necessary.
Participatory observation of deliberative dialogue Field experiment H2: The image-based SESF facilitates deliberation with more depth and complexity, i.e., because it provides a simple conceptual base for systems thinking as well as the core social and ecological variables in an accessible and nonacademic language.
Participatory observation of deliberative dialogue Field experiment H3: The image-based SESF can enhance knowledge sharing, i.e., between actors by creating space for actors to share opinions by stimulating discussion.
Field experiment H4: The image-based SESF, as a tool to structure discussions, can alter the mental models and socialpsychological metrics of actors.
Field experiment that may happen to occur at the same time as the treatment. One such factor may be the researchers themselves, as the presence of an observer, e.g., a scientist, can change people's behavior (Franke and Kaul 1978) . For example, social desirability bias may cause people to tell researchers what they want to hear (Nunnally 1967) . A control theoretically helps to filter these effects because observer and social desirability effects are held constant between groups. Studies that compare control and treatment may be affected by other unobserved systematic differences between subjects, though this may be mitigated by random sampling and large sample sizes (Stewart-Oaten et al. 1986 ).
This group of analyses are called before-after control-impact (BACI) analysis (Green 1979 , Stewart-Oaten et al. 1986 ) in the ecological literature, and is also known as the difference in differences (DD) model commonly used in economics today. An illustration of this analysis can be seen in Figure 2 , where a variable is measured before a treatment, and after. Individuals are randomly assigned to either a treatment or control group. Individual measurements may change over time unrelated to the treatment itself, but only the difference between these differences, i.e., the interaction between change over time and treatment (BAxCI) is the treatment effect. In this illustration, if we only compared before-measurements to after-measurements in the treatment group, we may incorrectly assume that the entire increase observed was due to the treatment (in our case the use of the SESF as a deliberation tool). The control group shows a similar but slightly smaller increase over time; this is differenced out in the analysis.
Measuring deliberative outcomes and hypothesis testing
Any management process involves implicit normative criteria and goals, and efforts must be taken to treat these as explicitly and carefully as biophysical management and socioeconomic targets (Cooke et al. 2009 , Fenichel et al. 2013 . Participatory management and deliberation create venues to consider both normative and positive goals, but they also operate with broader implicit normative goals of, for example, increasing proenvironmental or prosocial outcomes (U.S. NRC 2008). As stated above, there are many context-specific methods to measure the outcomes of deliberative processes, i.e., measurement and item construction, but a very useful one involves environmental psychology, as it addresses implicit normative goals of deliberation, provides information useful to the deliberative and management process, and allows for hypothesis testing. Environmental psychology is an important field that works to understand the motivations behind particular environmental behaviors, and evaluate how to change behaviors to be more proenvironmental (Stern 2000 , Saunders et al. 2006 . Environmental theories of behavior such as the theory of planned behavior (Ajzen 2005) or the cognitive hierarchy (Vaske and Donnelly 1999) help understand the psychological processes underlying decisions and assume a hierarchy of psychological constructs that exert influence on one another and ultimately inform behavior. For example, according to the theory of planned behavior, an intention to perform a specific proenvironmental behavior is related to performance of that behavior. That increases as the personal norm (i.e., feeling of obligation, of how one should behave), subjective norm (i.e., the perception of what others think one should do), attitude toward the behavior (i.e., a positive or negative evaluation of the behavior), and perceived behavioral control (i.e., the belief that the behavior is under one's volitional control) increases. The attitude toward a behavior is in turn influenced by one's mental models and beliefs about the consequences of behavior. These constructs have been shown to have great relevance in a variety of conservation contexts (Cooke et al. 2009 , Decker et al. 2012 , Milner-Gulland 2012 , and are relevant to both managers and policy makers. Constructs both act as a baseline to understand what is acceptable and feasible, and as a relevant and useful way to measure the impact of participatory interventions (Fujitani et al. 2017) . https://www.ecologyandsociety.org/vol24/iss1/art15/ Psychometrics provides a way to measure psychological phenomena such as knowledge and mental models (e.g., fundamental beliefs), transcendental values, and contextual precursors of behavior (Klöckner 2013) . Numerous psychometric constructs exist including knowledge sharing, mental models, and others connected with perceptions and performance of proenvironmental behaviors. These constructs can be statistically analyzed for hypothesis testing (Nunnally 1967) . Further, many of the hypotheses associated with assumed effects of participation and deliberation are very appropriate for measurement using psychometric methods (Kenter et al. 2014 , Fujitani et al. 2017 . For example, a stated aim of deliberation is to discuss and develop contextual values, to shape and elicit social values, and iteratively update individual values (Kenter et al. 2014) . Other important assumed outcomes of deliberation are knowledge sharing and an increase in feelings of empowerment (U.S. NRC 2008). Important aspects of all of these outcomes are covered by environmental theories of behavior, such as values in value belief norm theory (Stern 2000) , fundamental beliefs in the cognitive hierarchy (Vaske and Donnelly 1999) , and subjective norms, attitudes, and perceived behavioral control in the theory of planned behavior (Ajzen 2005).
Small-scale fisheries and responsible fishing areas (AMPRs) in Costa Rica
The Gulf of Nicoya is the largest tropical estuary in Central America, located on the Pacific Ocean coast of Costa Rica. The gulf supports more than 11,000 small-scale fishers. The Costa Rican Institute for Fisheries and Aquaculture (INCOPESCA) is supporting a small-scale fisheries management program to create responsible fishing areas (AMPRs) in line with the Food and Agriculture Organization of the United Nations (FAO) smallscale fisheries guidelines (FAO 2015) . AMPRs have explicit goals to enhance ecological conservation by supporting communitybased comanagement with INCOPESCA to develop mutually accepted rules for fishing such as reducing harmful gear usage and overall effort. AMPRs also have the explicit goal to enhance conservation and social welfare by pursuing alternative livelihood opportunities not based on resource extraction such as aquaculture and tourism. Fishing communities that are willing and able to self-organize their own fishing association and develop a management plan can formally apply to get legal support from INCOPESCA. AMPRs have the exclusive rights to fish and enforce regulations within a spatially defined marine area (Lozano and Heinen 2016a, b) . Both the process of creating the local fishing associations and interactions with INCOPESCA involve deliberation about rules and management strategies for the AMPR, which necessarily involves the inclusion of multiple groups of fishers using different gear types. Constructive deliberation and collective action for comanagement are necessary foundations for AMPR success. There are currently seven AMPRs in the Gulf of Nicoya. All fishers in this study live in communities with AMPRs, and have vested interest in its management (Fig. 3) .
METHODS

Transforming the framework into images
A methodology for transforming the SESF into context relevant images is shown in Table 2 , testing hypothesis 1. Steps 1 through 6, the transformation of the framework into images, were conducted in the community of Costa de Pajaros, an AMPR comanagement area in the Gulf of Nicoya.
Step 7, the field experiment for measuring its effect on deliberation outlined in section 2.2, was conducted with fishers on Isla Chira and in Tambor, similar small-scale fishing comanagement areas with AMPRs in the Gulf of Nicoya. Starting with Step 1, exploratory semistructured and open ended interviews were conducted with small-scale fishers, local community leaders, nonfisher community members, and researchers from Costa Rican universities who focus on marine related issues. This step was guided by a general diagnostic approach using the SESF to build an understanding of which variables are most relevant for understanding the management of small-scale fisheries in the Gulf of Nicoya (Cox 2011 , Hinkel et al. 2015 , Partelow 2016 . Table 2 ). (C) Beach with small-scale fishing boats in Costa de Pajaros, a familiar setting throughout the Gulf of Nicoya. (D) Fishers deliberating in our field experiment.
For
Step 2, the relevant variables from the SESF were selected for transformation. We limited our scope to the first-tier variables. This was done for two reasons. Methodologically, this allowed us to use the second-tier variables as indicators for a content analysis (Stemler 2001 ) of deliberation transcripts. This was done to compare the depth (how much content in each first-tier variable of the SESF) and complexity (the evenness of content discussed between the first-tiers of the SESF) of deliberation transcripts between control and treatment groups. The second reason to limit images to the first-tier variables is for simplicity. Having images for each second-tier was thought to be too overwhelming and complex for our context. This would undermine the goal of having an approachable tool, while still emphasizing some of the tradeoffs between accuracy and complexity when working with stakeholders during participatory modeling (Knight et al. 2006 , Castella et al. 2007 ).
Step 3 involved generating or finding images for each first-tier variable. Drawings and online searches generated usable openEcology and Society 24(1): 15 https://www.ecologyandsociety.org/vol24/iss1/art15/ Table 2 . Methodological steps developing an image-based deliberation tool from a social-ecological system (SES) framework.
Steps Outcome Guiding literature
(1) Exploratory research, guided by the framework, e.g., the social-ecological system framework (SESF), to understand the social and ecological context. Understanding of how actors use the framework in a deliberative setting; Refined framework. Talwar et al. 2011 , Kenter et al. 2014 (7) Use framework for practical deliberation and/or in an experimental setting to measure its impact.
Applying framework in a deliberative setting; Increase knowledge on how deliberation tools enhance outcomes. Cooke et al. 2009 , Rodela 2013 , Birnbaum et al. 2015 , Dryzek and Pickering 2017 , Fujitani et al. 2017 access images. In Step 4, all images were discussed again with fishers in Costa de Pajaros. We primarily asked two questions. First, we asked what they thought the images represented, and second, what images may better represent the first-tier variables based on their understanding of the system (i.e., for RS, RU, Gov, A). In Step 5, the feedback in Step 4 was used to refine and modify the images further. Steps 4 and 5 were done twice to get feedback and refine the images in two rounds. The final images were organized into the conceptual structure of the framework.
In
Step 6, the final image-based version of the SESF was used in a trial deliberation process with a group of fishers (Fig. 3) . We asked this group to discuss challenges facing small-scale fisheries in the Gulf of Nicoya and the management of their AMPR. The fishers discussed using the framework under passive observation by our research team. In the end, they were asked to provide feedback on whether the image-based framework was useful. Feedback was combined with our observations of the process. Minor adjustments were made to images and the presentation of the image-based framework for use in Step 7.
Measuring deliberation impacts with field experiments
Before-after control-impact field experiments were conducted to pilot test our hypotheses as a proof of concept. Groups of three to four fishers were gathered and asked to deliberate general challenges facing the management of fisheries for up to 30 minutes. Two control groups were asked to deliberate with no visual or information aids, just to discuss amongst themselves. Five treatment groups were given the transformed SESF, and were told they could use it as an aid for discussion. In this design, the treatment, or "impact," is the image-based SESF. Each group discussion was recorded with informed consent from the participants. Before and after each group discussion, each fisher completed a standardized questionnaire. This experimental design allowed control and treatment groups to be compared across measured domains before and after the deliberation activity.
Measuring depth and complexity at the group level
To test hypotheses 2 and 3, transcripts from the deliberation groups were translated into English and transcribed into the qualitative data analysis program MaxQDA. A content analysis (Stemler 2001 ) of each transcript was conducted using the secondtier variables of the SESF as a coding framework, as indicators to categorize discussion content (Table A1 .1). Coding was consensus based, using a coding protocol developed by two authors. Transcripts were then first coded by one author, then again by a second author to check for intercoder reliability. After coding, the analysis involved the number of coded segments for each second-tier variable in each transcript. The sum total of second-tier variables within each first-tier, for each transcript, was used as a measure of discussion depth, i.e., the amount of content in each transcript related to each first-tier. The number of secondtier variables was averaged across the control and treatment groups separately for each first-tier variable (Table 3 ). The complexity of each discussion can be examined and compared in Table 3 , i.e., the relative proportion or evenness of focus between first-tier variable content in the control and treatment groups.
Measuring individual changes
Elements from the theory of planned behavior (Ajzen 2005) and the cognitive hierarchy (Vaske and Manfredo 2012) were used to understand the behavioral intention to support the AMPR (Appendix 2) to assess hypothesis 5. This included the constructs of "perceived behavioral control toward the AMPR," i.e., whether achieving the AMPR objectives are within their control; "attitude toward collective action for the AMPR," positive or negative assignment about collective action for the AMPR; "attitude toward regulatory authority with regards to the AMPR," i.e., whether they support and respect the regulations; and "personal and subjective norms toward the AMPR," i.e., whether they and the people they respect support the AMPR. We also evaluated the belief that the AMPR supports fishers. Items to measure beliefs, attitudes, and norms were constructed ad hoc based on qualitative preliminary work, as well as adapted from the To evaluate hypotheses 2 and 3 from a different angle, we asked self-assessment questions to participants postactivity on the depth and complexity of the discussion (H2) as well as how the activity facilitated knowledge sharing (H3) through discussion as well as aiding personal reflection (Appendix 3).
Constructs were obtained from mean Likert scales and analyzed with parametric methods. In the case where multi-item scales were not available, we applied the interval assumption to individual items with 5-point Likert response formats, as is a common practice because the interval assumption is conservative as it increases the likelihood of type II error ("false negative"; Bortz and Döring 2006). Treatment effects were assessed via linear mixed models (LMM) fit by restricted maximum likelihood in the statistical package R (http://cran.r-project.org), with the Likert scale construct as the dependent variable with dummy coefficients for fixed effects for the before (pretest) vs. the after (post-test), control vs. impact (SESF treatments), and the interaction between the two (BAxCI; the treatment effect), with individual nested within region random effects parsed from global variance. Where only the SESF treatment versus control measurements were available, i.e., control-impact postactivity assessments, the two groups were compared with Welch's t, given the unbalanced sample size and variance. Given randomization and large enough sample sizes, control-impact analyses can have advantages even over before-after control-impact analyses in terms of internal validity (Campbell and Stanley 1963) . Figure 4 , transformed to the context of small-scale fishers in the Gulf of Nicoya, Costa Rica. The original conceptual structure of the SESF is retained and images are used to represent each first-tier variable, without reference to specific second-tier variables. In Resource systems and Resource units, images represent multiple co-occurring first-https://www.ecologyandsociety.org/vol24/iss1/art15/ tiers. The Resource systems tier was labelled Ecosystems and shows four co-occurring first-tier systems: a mangrove forest, a reef, a riverine estuary, and a shoreline going out into the open sea. The Resource units tier was labelled Resources and shows a diversity of different species caught in the fishery. The Actors tier retained its label and shows different co-occurring first-tiers, i.e., groups of actors, including fishers, coast guard, the community, patrons, i.e., middlemen, and interest groups, e.g., NGOs. The Governance systems tier retained its name and shows the different governance systems including images related to rules, comanagement, knowledge exchange, formal and informal governance settings. The original version of the text in Figure 4 was generated in Spanish for use by local fishers, and was translated to English for this article. The development of the image-based SESF supports our assumption (A1) that it is possible to transform the framework into a contextualized imagebased tool for use by nonacademics. The process of transformation was accomplished by engaging local fishers through iterative learning, where we the researchers learned from fishers about how they view and understand their own system to generate the appropriate images. Below, the success of using the image-based SESF on deliberation processes is measured in two ways.
RESULTS
Our image-based SESF is shown in
Depth and complexity of deliberation at the group level
The structure and content of discussions differed between treatment and control groups. Treatment groups used the imagebased SESF to loosely structure the content of discussion, often going through each of the four first-tier categories systematically. This supports our hypothesis (H1) that the SESF can provide structure to deliberation compared to the control. Treatment groups discussed with more depth, except on Governance systems because the control tended to discuss more exclusively content related to Governance systems. Treatment groups also discussed with more evenness than control groups. The control groups tended to start immediately discussing governance, monitoring, and compliance issues, thus discussing content related to the Governance systems tier in more depth than the treatment group. However, overall they discussed the other variables with less depth. The control groups (without the SESF) discussed with less complexity or evenness across variables (Table 3) . These initial findings generally support our hypothesis (H2; Table 3 ). The Social, economic, and political settings and External ecosystems first-tier variables were not included in our image-based framework, and no discussion content related to those variables.
Variables from the Actors tier were the most frequently discussed in both groups, with a large portion of the content relating to the second-tier variable Knowledge of SES/ mental models, where fishers expressed their perceptions and opinions about issues of concern to the group.
Impact of deliberation on individuals
Understanding the baseline perceptions and attitudes toward the AMPR, as well as how this may change on account of deliberation (by applying a BACI framework) provides essential information for comanagement. Fishers across all sites indicated very positive personal norms and attitudes toward the AMPR, as well as beliefs that the AMPR was intended to benefit fishers. Perceived behavioral control toward achieving AMPR objectives was slightly lower. There was also more diversity among the regions with regard to the social norm of supporting the AMPR through observance of the regulations, and to lesser extent positive attitudes toward regulatory authority (Fig. 5) . Participants in the discussion activities indicated overall agreement that the activity aided discussion complexity and depth, personal reflection about the topic, and facilitated knowledge exchange beyond what would occur without the activity (Fig. 5 ). Respondents deliberating with the aid of the visual SESF had a higher mean agreement than the control deliberators; however this difference is not statistically significant (Table 4) . Given the limited and unbalanced sample size, it is unsurprising that measured constructs did not differ significantly between treatment and control groups (Tables 4 and 5) . Post-hoc analyses show small to moderate effect sizes and very low statistical power (Tables 4 and 5 ). However, this work fulfills the goals of demonstrating proof of concept to guide future studies. We have evidence of good reliability in many of our constructs (α > 0.7; Nunnally 1967), and they can be used in similar contexts because no context-specific scales yet exist in the literature. In contrast, we would need to revisit our items measuring perceived behavioral control and attitude toward regulatory authority in this context. However, this study is a demonstration of an experimental design that would measure the constructs, e.g., norms, attitudes, perceived behavior control, relevant to an effective deliberative process for comanagement, and requires only a refinement with a larger randomly selected sample.
Though we did not find statistically significant differences between the treatment and control groups, it may be taken as an indication to further research, that, for example the differenced treatment group means were lower than the control group means (Table 5) . As a thought experiment, this difference, if indicating the true treatment effect from a frequentist perspective, would indicate stronger agreement that the SESF discussion had more depth and complexity, aided personal reflection, and was useful to facilitate discussion, relative to the control. This information guides both future hypothesis development and future experimental planning, for example, as this provides empirical grounds to set a sample size. If the lack of significant treatment effects were due to a lack of statistical power to resolve these differences, we can use power analysis to calculate a necessary sample size given observed effect sizes and desired statistical power (Cohen 1988) . Given the moderate effect sizes observed in the field experiment, a prudent sample size with sufficient power would range from 30 to 100 participants per treatment ( Figure  A1 .1), in line with other workshop-based participation and deliberation studies (e.g., Lienhoop and MacMillan 2007, Carnoye and Lopes 2015) .
DISCUSSION
Despite increased academic focus on community-based comanagement (Roberts 2004 , U.S. NRC 2008 , Kenter et al. 2014 , Bodin 2017 , making communication, knowledge exchange, and deliberation work in practice remains a substantial challenge Fritsch 2009, Curșeu and Schruijer 2017) . Communication and knowledge exchange is critical for progress (Cornell et al. 2013 ) because difficulties for working together are exacerbated when actors have different experiences, knowledge, beliefs, and understandings of a system (Bohensky and Maru 2011, Cornell et al. 2013) . In this study we have approached these challenges as an opportunity to think outside-the-box and develop new applied research methods. In particular, we focus on the role of developing facilitation tools and testing their usefulness as interventions in community-based comanagement settings.
We have tried to rethink how an existing academic tool, the SESF (McGinnis and Ostrom 2014), can be used in new ways beyond its traditional applications (Partelow 2018) . We show that the framework can be useful as a practical tool when transformed into a common language of images for nonspecialists, arguing that images can ground the framework into a relevant governance context for nonspecialists. The SESF can be a useful tool to convey systems thinking, social-ecological interactions, and a checklist of core system components through those images. In this sense, our study provides proof of concept to the idea that the usefulness of the SESF for scientists may be paralleled by its usefulness for practitioners.
Ultimately, the transformed image-based SESF explores one potential facilitation tool to make community-based comanagement more effective. However, new practical mechanisms and methodologies are needed to explore this idea further, and we have proposed numerous hypotheses to test how and why tools like the transformed SESF may be useful. We encourage further testing and critique of these hypotheses in more robust ways and in different contexts. There are a large variety of different types of community-based comanagement arrangements to explore (Berkes 2009) , and each arrangement involving diverse actors likely warrants a contextualized approach. However, we argue that the processes for developing and implementing the image-based tool developed in this study may be generalizable in different contexts, e.g., beyond small-scale fisheries, because it allows images to be tailored to context through active engagement and codesigning with actors. However, we recognize that this needs further exploration and testing, which we encourage. Our study did not codesign the research with the actors; fishers only gave inputs to develop the image-based framework for deliberation, albeit in an iterative engagement process. This was done for reasons related to testing its usefulness as an intervention with experiments. However, in a practical setting, codesigning the framework with the actors who will use it may be beneficial and allow more participation and deliberation surrounding the process of development as well.
Furthermore, this study has demonstrated the idea of using an existing scientific tool, i.e., the SESF. However, many other socialecological systems frameworks exist (Binder et al. 2013 ) with similar core concepts such as ecosystem services (Partelow and Winkler 2016) . There is potential to explore the role of using scientific frameworks in general, not just the SESF, to help communicate and exchange known scientific concepts related to environmental governance. For example, some core concepts are critical to consider when developing management policies such as social-ecological complexity and interactions as well as how those may occur at different levels and scales (Liu et al. 2007 ). There are numerous frameworks built on these core concepts (Binder et al. 2013 ). Subsequently, actors should be able to decide what to do with this knowledge once they have it, and the imagebased SESF may be able to transfer some of this knowledge in a passive way, without the active intercession of a scientist. There is a need to flatten perceived power or epistemic hierarchies that might be associated with having specialists actively involved in Ecology and Society 24(1): 15 https://www.ecologyandsociety.org/vol24/iss1/art15/ deliberative settings (Fung and Wright 2001, Klenk et al. 2015) . For example, the presence of a perceived expert or the frontal presentation-style transfer of knowledge has been shown to hinder the engagement or contributions of nonspecialists (Lord 1999, Voinov and Gaddis 2008) . However, many formal comanagement arrangements have formal settings, for example on a deliberation council (e.g., Santos and Schiavetti 2014, Partelow et al. 2018) or management committee (e.g., Partelow and Boda 2015) , where scientists are necessarily one of the actors involved. In other cases, scientists may be involved in a consulting capacity, or not formally involved at all, such as in the Gulf of Nicoya case study examined here. The use of facilitation tools to enhance knowledge sharing between actors in different types of comanagement arrangements and cultural contexts would be a useful direction for future research. Nonetheless, there will inevitably be power asymmetries between different groups of actors, and facilitation tools that are transparent and collaborative in design may help flatten those that may have negative consequences to ensure more equitable participation through providing a mechanism for intervention (U.S. NRC 2008).
It is necessary that knowledge exchange and communication is multidirectional, and not just a one-way transfer of scientific knowledge to other actors. Numerous studies have shown that this can increase the perceived legitimacy and acceptability of governance processes, ultimately leading to the development of more effective management, rules, and compliance (Berkes 2009 , Van Tatenhove 2013 , Tengö et al. 2014 , Bennett 2016 . We argue that the usefulness of the SESF is not limited to conveying scientific knowledge to other actors. It is equally important to improve communication and the exchange of knowledge between actors, e.g., between fishers, through social learning. Social learning is a critical process for human development and cooperation , Cundill and Rodela 2012 , Dietz 2013 . It can help build trust and mitigate conflict between actors if it can be well facilitated in deliberative settings (Berkes 2009 ). However, there are many layers and complexities associated with social learning processes , and one important aspect is the role of actor perceptions in governance processes (Bennett 2016 , Beyerl et al. 2016 . If the perceptions actors have of other actors, and of the governance process, are that they are legitimate and acceptable, it is likely that they will participate, communicate, and exchange knowledge in more constructive ways, leading to better outcomes for both people and nature (Bennett 2016 (Saunders et al. 2006 , Swim et al. 2009 , Fujitani et al. 2017 . Field experimental methods and the BACI method are useful for parsing out differences in treatment effects, and we have demonstrated how to do this in our study. There is also room to explore these methods with larger and more balanced sample sizes, but also with additional methods such as participatory workshops and qualitative research to examine social-psychological changes in individuals and groups in greater depth.
Social science field experiments can be challenging because they involve organizing the participation of many individuals who have to volunteer time, even if compensated. Recruitment of participant fishers proved to be a substantial challenge in this study for a variety of reasons including the willingness and ability of fishers to commit to a future time and date to meet, the willingness to engage with us as outsiders, and a lack of interest in discussing the issues of interest to the study. This was our own shortcoming because we did not succeed in building the trust/ social capital needed in each community or to establish the proper incentives for fishers to participate to the extent necessary that would have provided a more substantial sample size. Building trust, particularly with community leaders, is critical for ensuring participation, as well as respecting the mental models of actors, e.g., how they think about and organize their time, and ensuring that there is a reasonable incentive and culturally appropriate conditions for them to participate. For transforming the SESF into images (Step 1 to 6), we established a good relationship with the AMPR community leader in Costa de Pajaros, who helped recruit other fishers to participate. In Isla Chira and Tambor, where the field experiments were conducted, establishing a https://www.ecologyandsociety.org/vol24/iss1/art15/ relationship with the community leaders was more difficult, with more challenges for recruiting participant fishers. Sampling participants was largely done by approaching groups of fishers opportunistically, without preplanning the deliberation activity. However, even with random assignment, bias can persist, for example, the choice to participate is often nonrandom (Heckman 1992) . Thus, the challenges and careful introspection on the extent of inferential validity experienced in this pilot study are relevant to all field undertakings.
In a final reflection, the importance of the social and ecological settings and dynamics in which the community-based comanagement occurs is high (Fujitani et al. 2018) . This is captured by the literature on institutional fit , Galaz et al. 2008 , Cox 2012 , Epstein et al. 2015 . Consideration of how different types of deliberative and knowledge exchange processes fit within the type of comanagement arrangement, and thus within the broader social-ecological settings, is important. This brings in the larger issue of framing in deliberative processes.
Whether the actors participating are conscious of it or not, the framing of a deliberative process and the perceived legitimacy of that content plays a substantial role in altering outcomes. If we only deliberate governance issues or biological targets, our focus is likely to remain within those boundaries, even if the problem is broader and better solved with a more holistic framing (Fujitani et al. 2018 ). If we deliberate linked social-ecological system issues, perhaps we will find solutions that more appropriately fit the broader systems context. The image-based SESF may create space for systems thinking, reframing what is deliberated.
CONCLUSIONS
Shifts toward community-based comanagement are promising, but in order to ensure that such arrangements lead to beneficial outcomes for both people and nature, they require the participation of different actors and constructive deliberation between them. Communication and knowledge exchange are critical to this process, and facilitation tools can support deliberative processes in different ways that lead to more effective achievement of desired outcomes, both collectively and at the individual level. This study has demonstrated how the socialecological systems framework (SESF) can be transformed into an image-based facilitation tool that can help actors discuss with more depth and complexity. The transformed framework can convey basic scientific knowledge that is generally important for governance such as systems thinking and social-ecological complexity in a passive and simple way. The SESF may also help knowledge exchange and communication among actors. We believe this study has shown a proof of concept for the ideas and hypotheses outlined above, and we encourage future studies to explore them further.
Responses to this article can be read online at: http://www.ecologyandsociety.org/issues/responses. php/10724 Strongly agree -1, Agree-2, Neutral/neither agree nor disagree-3, Disagree-4, Strongly disagree-5 It is difficult to achieve the objectives of the AMPR (reverse) It is possible for the AMPR to achieve its objectives with all the fishers involved Attitude towards collective action for the AMPR It is important that communities and community members work together to achieve the objectives of the AMPR It is important to have discussions like this with other people who were not part of this exercise It is important to have discussions like this one with fishers who have different perspectives on AMPR Personal norm towards the AMPR I feel a personal obligation to follow the rules of the AMPR I feel a personal obligation to act to achieve the objectives of the AMPR I feel a personal obligation to work together with other fishers and members of the community to achieve the objectives of the AMPR.
Subjective norm regarding the AMPR The people I respect will follow the rules of the AMPR Belief the AMPR benefits fishers
The main objective of the AMPR is to benefit fishermen The objective of the AMPR is to protect mainly fish and shellfish
The AMPR is administered both for the protection of resources and for their use The resources of the AMPR are very important for fishers to earn a living The use of the AMPR and its resources must be sustainable (not diminish for future generations) Attitude towards regulatory authority
The authorities decide to extend the closure based on scientific information Strongly agree with the decision-1, Discreetly disagree-2, Express disagreements-3, Strongly protest the decision-4, Not comply with the decision-5
The authorities decide to expand the AMPR area
The collection center decides to establish a daily catch per kg
The authorities prohibit the use of gillnets throughout the Gulf of Nicoya
